The contribution of pair fluctuations to the spin current in liquid 3 He in aerogel near the critical temperature of transition to superfluid state is calculated.
where
σ = (σ x , σ y , σ z ) are the Pauli matrices, and H int includes the Fermi liquid interaction and the interaction with impurities. The Planck constant was everywhere put equal to one. The pairing interaction for the p-pairing is g(p, p ) = −3g(p ·p ).
Here g is the constant of pairing interaction andp = p/|p| is the unit vector of pairing particles momentum direction. The response to the gauge field ω i is calculated in analogy with response to the usual vector potential A i . The contribution of pair fluctuations to the spin current density above the critical temperature is given by the expression corresponding to diagram shown in Fig.1 , where, in contrast to s-pairing, due to momentum dependent pairing interaction, all the vertices are not scalar but vector functions:
Here, ε n = πT (2n + 1) is the fermion Matsubara frequency,ε n = ε n + 1 2τ signε n , Ω k = 2πT k, and ω ν = 2πT ν are the boson Matsubara frequencies. L rs (q, Ω k ) is the fluctuation propagator, and the triangle block (6) arXiv:1904.03899v1 [cond-mat.supr-con] 8 Apr 2019
is expressed through three Green functions
and the impurity vertex functions Λ l q,εn,Ω k −εn , Λ r q,εn,Ω k −εn . The sign of the complex conjugation in the second vertex function in Eq.(6) corresponds to the opposite direction of the arrows of the Green function lines in Fig.1 in respect to the first vertex (time inversion). The impurity vertex functions are determined by the integral equation
Near critical temperature the main frequency dependence arises from the fluctuation propagators L having the pole structure. Due to this reason one can neglect by the frequency dependence of the blocks B and the vertices Λ. In the integral Eq. (5) are essential only small values of q. Then, the solution Eq. (8) is
here v F is the Fermi velocity. The integral from three Green functions in linear in respect of wave-vector q approximation is
where N 0 is the density of states per one spin projection. Substituting Eqs. (9), (10) in the Eq.(6) and performing the integration over angles we obtain
where ψ (z) is the second derivative of the digamma function. The matrix of the fluctuation propagator is
The off-diagonal elements of this matrix can be omitted because they are proportional to higher order terms in components of vector q: (δ rs + bq r q s ) −1 = δ rs − bq r q s + . . . . After the standard calculation we obtain
Here, = ln T Tc , the critical temperature T c is suppressed in respect to the temperature T c0 of superfluid transition in pure helium and determined from the equation
The coefficient
The first line here corresponds to the limit of weak scattering when the critical temperature is slightly suppressed by impurities (T c − T c0 )/T c0 ≈ (−π/8T c0 τ ) 1 and the typical frequencies of fluctuations |Ω| ≈ (T − T c ) T . This is quasi-static or classic fluctuation region. In respect to the second line one must remark that impurities completely suppresses superfluidity at τ c = γ πTc0 , here γ ≈ 1.8 is the Euler constant. Hence, 4πT τ > 4γT Tc0 and for fulfillement of inequality 4πT τ 1 the temperature must be at least 1/4γ times lower than the critical temperature in pure helium. Still, at such low temperatures there are two different situations. First, this is again region of classic fluctuations |Ω|τ 4πT τ 1. The second is the region of quantum fluctuations 4πT τ |Ω|τ 1 when the frequencies of fluctuations exceed the temperature.
It is convenient to rewrite these expressions in terms of zero temperature coherence length ξ 0 =
Thus, both in the clean case and in the dirty enough T c τ ≈ 1 case ξ ≈ ξ 0 . Using this notation the Eq. (11) acquires the following form
Substituting Eqs. (13) and (18) into Eq. (5) and making use the analytical continuation from the discrete frequencies to the complex plane [9] we obtain linear in frequency term in the spin current
are retarded and advanced fluctuation propagators. Performing the integration in classic (static) (T − T c ) T limit we have:
The quantum limit can be reached at low temperatures when T τ and the corresponding current expression is
Still, the temperature is limited from below by the critical temperature T c and the critical fluctuations in close vicinity of critical temperature are always classical T τ to displeasure of fans of quantum phase transitions. Making use the Larmor theorem
where γ = 2µ is the gyromagnetic ratio, µ is the magnetic moment of 3 He atoms, one can rewrite the Eq. (21) for the fluctuation current as
The diffusion current [6] determined by impurity scattering in dimensional units is
Here, D = 
In dense aerogel the diffusion coefficient can be small enough D ≈ 10 −3 cm 2 /sec [5] , the coherence length at ambient pressure [4] is ξ 0 = 2 × 10 −6 cm, density of states at ambient pressure [14] is N 0 ≈ 0.5(erg cm 3 ) −1 . Thus,
Concerning experimental detection of fluctuation spin current this result not really encourages. But, it will be perhaps useful to exact determination of temperature of transition at measurement of coefficient of diffusion near the critical temperature.
